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T is known that Zebu (Bos indicus) cattle are more heat tolerant and have a higher insect and disease resistance than European breeds. On the other hand there are areas in the world where cold tolerant cattle, such as Scotch Highland, are more idealIy suited to survive. These breeds can, and do, play an important role in crossbreeding programs to produce crossbreds which have the heat and cold tolerance of their more hardy parents.
These two breeds of cattle obviously have physical and physiological characteristics which enable them to survive in their respective adverse environments. Discovery of the physiological characteristics which differ between these two breeds might explain the effectiveness of these cattle in adapting to extreme environments. Differences have previously been found in some blood measurements between European and Indian breeds of cattle (Kunkel et al., 1953; Erwin, 1960; O'Kelly, 1968) ; however, there is little information on the blood composition of cold tolerant cattie, and no direct comparisons have been made under identical environmental conditions between heat and cold tolerant cattle.
Experimental Procedure
Blood samples were collected by jugular venipuncture from three yearling purebred Scotch Highland heifers and three yearling registered Zebu heifers at 8:00 am for 3 consecutive days. The animals were all fed ad libitum the same N.R.C. balanced ration twice daily and were all kept under the same environmental conditions. The average temperature at the time of sampling was 22.8 C.
Approximately 30 ml of blood was collected from each animal. Two milliliters of blood used for hematological determinations was collected using EDTA-K as the anticoagulant.
The remainder was allowed to cIot at room temperature for 4 hr. and the serum was separated by centrifuging at 12,500 x g and 2 C for 10 min. and recentrifuged at 20,000 x g and 2 C for 5 minutes. Each serum sample was frozen and stored at --10 C until analyzed.
Serum lactic dehydrogenase, alkaline phosphatase, glutamic-oxaloacetic transaminase, urea nitrogen, cholesterol, glucose, creatinine, total bilirubin, chloride, calcium, inorganic phosphorus and total protein were determined on each individual sample using a modified Sequential Multiple AutoAnalyzer, SMA-12/ 30 (Tumbleson, 1969) . Sodium and potassium were determined by flame photometry.
Erythrocyte and leucocyte counts were determined using an electronic cell counter. Differential leucocyte counts were made on thin blood smears stained with Wright's stain. Hemoglobin concentrations were determined using a hemoglobinometer, and packed cell volumes were determined by the microhematocrit method. Mean corpuscular volumes, mean corpuscular hemoglobins, and mean corpuscular hemoglobin concentrations were calculated.
Data were subjected to a factorial analysis of variance. Sums of squares were partitioned for breed, animal within breed, days, and days xbreed, as outlined in Snedecor and Cochran (1967) .
Results and Discussion
Average rectal temperature, pulse rate, respiration rate and body weight for the two breeds are presented in table 1. The Highland heifers had a slightly higher rectal temperature and pulse rate, and a considerably higher respiration rate than the Zebu heifers. Body weights for the two breeds were nearly identical.
The serum biochemical measurements of the Zebu and Scotch Highland heifers are presented in table 2. There were no breed differences in concentrations of any of the serum electrolytes. The mean sodium and chloride serum concentrations of both the Zebu and the Highland heifers were slightly higher than the values reported for Holsteins (McSherry and Grinyer, 1954) , Ayrshires, (Tashjian, Snyder and Das, 1968) and mixed cattle (Braun, 1946) . Mean serum calcium and mean serum inorganic phosphorus values were similar to those reported for other breeds of cattle (McSherry and Grinyer, 1954; Tashjian et al., 1968) . The mean serum potassium levels of the Zebus and the Highlanders were lower than those reported for Holsteins (MeSherry and Grinyer, 1954) , and in the lower range of those reported for Ayrshires by Tashjian et al. (1968) . The similarities in the serum electrolytes between the Scotch Highland and Zebu cattle and the close comparison to other breeds of cattle indicate that these blood constituents play a small role, if any, in the heat or cold tolerance of these breeds.
Mean serum glucose concentration was higher (P<.0I) for the Zebus than the Highlands. The Highland's glucose value was lower while the Zebu values were higher than reported for Holsteins (Braun, 1946) . Both the Zebu and Highland concentrations were lower than the glucose levels reported for Ayrshire cattle (Tashjian et al., 1968) . The mean serum cholesterol concentration was also significantly higher for the Zebus. Erwin (1960) reported no difference in cholesterol when comparing Angus and Brahman cows. O'Kelly (1968) , however, found cholesterol, phospholipid and total lipid levels significantly higher in Zebu breeds than in British breeds, which is in accord with this experiment.
Urea nitrogen concentration of the serum was also higher (P<.01) for the Zebus than the Highlands. Vercoe (1967) did not find any such difference when comparing Hereford and Brahmanx Hereford steers. The Scotch Highland mean serum urea nitrogen concentration was similar to that found by Tashjian et al. (1968) in Ayrshire cattle, while the Zebu concentration was considerably higher. It is known that Zebu cattle can survive under adverse nutritional conditions, utilizing forages tow in protein content. The high value for serum urea nitrogen in the Zebu heifers may be due to a more efficient digestion of dietary protein, as found by Howes, Hentges and Davis (1963) . Nevertheless, French (1940) found no significant differences between average digestibility coefficients of Zebu and European cattle. Another possible explanation for the ability of Zebu cattle to utilize low protein forages would be that they have a greater ability to reutilize nitrogen. For in- stance, reutilization of urea has been shown to be very efficient in the camel (SchmidtNielsen et al., 1957) . The higher serum urea nitrogen levels of the Zebus may reflect this increased ability to reutilize nitrogen.
The total bilirubin concentration means for the two breeds were almost identical.
There was a significant difference (P<.01) in the total protein serum concentration between the two breeds with the Highland mean concentration being higher. The total protein level of the Zebu serum was similar to that reported for dairy cattle (Tashjian et al., 1968) .
The Zebu heifers had significantly (P<.05) greater mean serum creatinine concentration. This agrees with the data of Vercoe (1967), who found that Brahman xHereford steers had significantly greater (P<.05) plasma creatinine levels than Hereford steers fed both high and low quality diets.
The highly significant differences between the two breeds in serum glucose, cholesterol, total protein concentrations and creatinine indicated that there were basic metabolic differences between these two breeds. This is further shown by the significant (P<.0i) differences in tbe sert~m enzvme activities. The Scotch Highlands had higher mean serum activities of lactic dehydrogenase and gh,tamic-oxaloacetic transaminase, while the Zebus had a higher activity of alkaline phosphatase. This is in accord with the work of Kunkel et al. (1953) , who found the serum alkaline phosphatase activity of immature Brahman cattle to be approximately twice that of European breeds of the same age.
Hematological measurements of the two breeds are presented in table 3. The Zebu heifers had a significantly (P<.01) higher erythrocyte count than the Scotch Highland heifers. The Zebus, however, had a significantly lower (P<.01) mean corpuscular volume. Mean erythrocyte count values for both breeds were higher than those reported for cows (Braun, 1946) and normal bulls (Penny, Scofield and Cembrowicz, 1966) , while mean corpuscular volumes for both breeds were lower than that reported by Penny, Scofield and Cembrowicz (1966) for normal bulls. The Highland heifers had a significantly greater (P<.01) packed cell volume than the Zebu heifers. The mean hemoglobin concentration and the mean corpuscular hemoglobin were significantly higher (P<.01) for the Highland heifers. The hemoglobin mean of the Zebu heifers was within the normal range of young cattle (Braun, 1946) , while the Highland heifers' mean was higher than normal. There was no difference between the two breeds in mean corpuscular hemoglobin concentration. The mean leucocyte count was significantly higher for the Scotch Highlands than for the Zebus. The Zebu value was similar to that reported by Braun (1946) for young cattle, while the Highlands' mean count was slightly higher than normal for young cattle.
There were no differences in monocyte, lymphocyte or basophil percentages between the two breeds. The Zebu heifers had significantly (P~.05) higher mean percent of neutrophils than the Scotch Highlands heifers, while the Scotch Highlands had a significantly (P~.01) higher percent of eosinophils. Since both breeds of cattle were kept under the same environmental conditions these differences are probably physiological rather than pathological.
The large number of differences in serum biochemical and hematological parameters found between these two breeds definitely indicates that besides the obvious differences in physical characteristics, such as hair length, there are basic metabolic differences, since this experiment was conducted within the theoretical thermal ne~tral zone, 22.8 C for both breeds. How these blood parameters would be affected by environmental variation is presently unknown.
Summary
The serum biochemical and hematological measurements of heat tolerant (Zebu) and cold tolerant (Scotch Highland) cattle maintained under identical environmental conditions were compared using three purebred yearling heifers of each breed. There were differences between the mean serl,m concentrations, or activities, of the two breeds in glucose, cholesterol, urea nitrogen, total protein, creatinine, lactic dehydrogenase, alkaline phosphataqe and glutamic-oxaloacetic transaminase. There were no differences between the two breeds in the mean serum concentrations of sodi,'m, chloride, calci~,m, inorganic r~Uos-phor~,s, pota~si,,m, or total bilirvb~n. When the hematological measurements of the two breens were compared, there were found to be differences in ervthrocyte co~,nt, packed cell volume, hemoglobin concentration, mean corpuscular volume, mean corpuscular hemoglobin, leucocyte count, neutrophil percent and eosinophil percent.
